 QBA allowed to identify affective states of horses in their home box;  Good inter-observer reliability achieved after training;  QBA was sensitive to the quality of human-horse interaction.
Abstract
This study aimed to apply qualitative behaviour assessment (QBA) to horses farmed in single boxes, in order to investigate their emotional state and explore its association with indicators of human-A C C E P T E D M A N U S C R I P T animal relationship. A fixed list of 13 QBA descriptive terms was determined. Three assessors experienced with horses and skilled in measuring animal behaviour underwent a common training period, consisting of a theoretical phase and a practical phase on farm. Their inter-observer reliability was tested on a live scoring of 95 single stabled horses. Principal Component Analysis (PCA) was conducted to analyse QBA scores and identify perceived patterns of horse expression, both for data obtained in the training phase and from the on-farm study. Given the good level of agreement reached in the training phase (Kendall W=0.76 and 0.74 for PC1 and PC2 scores respectively), it was considered acceptable in the subsequent on-farm study to let these three observers each carry out QBA assessments on a sub-selection of a total of 355 sport and leisure horses, owned by 40 horse farms. Assessment took place immediately after entering the farms: assessors had never entered the farms before and were unaware of the different backgrounds of the farms. After concluding QBA scoring, the assessors further evaluated each horse with an avoidance distance test (AD) and a forced human approach test (FHA) . A MANOVA test was used to assess the association of the AD and FHA tests with the on-farm QBA PC scores. The QBA approach described in this paper was feasible on farm and showed good acceptability by owners. In the analysis of on-farm QBA scores, the first Introduction When asked, most horse people would claim that it is reasonably easy to recognise the affective state of a horse, but they would probably be unable to substantiate it or to explain how to do it. Scientists A C C E P T E D M A N U S C R I P T are challenged by the same question, as it is difficult to reliably establish the emotional state of horses, which, differently from humans, cannot report verbally if scientific suppositions match with their actual state. Tackling a similar challenge, researchers worldwide have been working at the development of a variety of methods to assess emotions in different animal species (Boissy et al., 2007; Fraser, 2009; Fureix and Meagher, 2015; Mendl et al., 2010; Millot et al., 2014; Murphy et al., 2014; Panksepp, 2011; Paul et al., 2005; Wemelsfelder, 2007) . Qualitative behaviour assessment (QBA) is one of those scientific methods, originally developed by Wemelsfelder and colleauges (2000, 2001) , that has been proven to contribute to the identification of the main dimensions of animal emotional states (Carreras et al., 2016; Mendl et al., 2010; Mullan et al., 2011; Rutherford et al., 2012; Temple et al., 2013) . By its very nature, QBA is an intrinsically holistic and dynamic tool used for capturing the expressive quality of animal behaviour. When using QBA, an observer addresses the whole animal, focussing on details of how an animal is behaving; then he or she scores the animal on visual analogue scales corresponding to different behavioural descriptors (e.g. curious, aggressive).
This method enables an experienced observer to capture (subtle) changes in the animal body language in relation to the environment, and to express them as quantitative measures that can be analysed statistically. Thus QBA facilitates the dialogue between horse professionals expressing subjective judgments and scientists needing to respect assumptions of scientific methods (Minero et al., 2009; Wemelsfelder, 2007) .
Research only recently has begun to explore the value of applying QBA in the context of humananimal relationships. For example, QBA was used to explore the link between a stockperson' handling style and dairy calves' behavioural expressions (Ebinghaus et al., 2016; Ellingsen et al., 2014) . Calves with more positive QBA 'mood' scores (e.g. enjoying, friendly) were typically handled by persons treating them patiently and calmly. Furthermore QBA, alongside other human-animal relationship measures, proved to be a suitable measure of animal reactivity to humans (Ebinghaus et al., 2016; Minero et al., 2016) . In the case of donkeys, animals characterised by QBA as 'relaxed'
and 'at ease', did not show any avoidance, tail tuck, or other negative reactions when approached by a human .
QBA descriptors can be individually generated by observers, as in the case of Free-Choice-Profiling methodology (Wemelsfelder et al., 2001 ), or they can be chosen by researchers first from literature and then discussed in focus groups of experts and tested on-farm (Andreasen et al., 2013) . FCP is unsuitable for on-farm welfare assessment, as it requires a minimum of 10 observers and extensive data analysis; hence, the second approach using a fixed list of terms was adopted for on-farm QBA assessment in different animal species (Fleming et al., 2016) . In horses, the Free-Choice-Profiling methodology of QBA has previously been applied to answer various research questions, for instance it was used to investigate ponies' response to an open field test (Napolitano et al., 2008) , to investigate the response of foals to the presence of an unfamiliar human (Minero et al., 2009) , and to assess demeanour in horses engaged in a 160-km endurance ride (Fleming et al., 2013) . The present study was done in the framework of the Animal Welfare Indicators (AWIN) research project funded by EU FP7 (AWIN, 2015) . For the first time a fixed QBA term list was included in the AWIN welfare assessment protocol for horses as an on-farm measure for positive emotional state . The goal of the present study was to apply the fixed QBA term list for horses developed for the AWIN protocol (2015) to the study of human relationships with horses and their relation with the animals emotional state, allowing us to further investigate the feasibility and reliability of the AWIN QBA horse term list in on-farm conditions. Our null hypothesis was that patterns of emotional expression in stabled horses identified through QBA would not show any meaningful association with independent measures of the human-horse relationship.
Material and methods

Development of the QBA rating scale
An initial list of qualitative descriptors was created deriving terms from the scientific literature where qualitative expressions were used to describe horse behaviour. This list contained 36 English terms,
which were then discussed during a face-to-face focus group with 18 horse professionals (veterinarians, breeders, horse welfare organisations members). The focus group took place at the premises of the Veterinary Faculty. After a general introduction to the Qualitative Behaviour Assessment method, the participants discussed and refined the original list of descriptors. They removed some terms, which they felt were difficult to interpret unambiguously or which they did not consider relevant to the assessment of horses on farm, and refined some of the terms' characterisations. Using this modified list of terms they then scored 10 videos of horses filmed individually for 1 min that showed a wide range of behavioural expressions. After this practical exercise and extensive discussion, the group agreed on a final list of 13 terms (Table 1) to be used for scoring individual horses on farm.
Training of assessors and inter-observer reliability
The assessors were three veterinarians experienced with horses and skilled in assessing animal behaviour. These assessors together attended two training sessions. In the first session, assessors were encouraged to discuss the concept of QBA and the meaning of each of the 13 QBA descriptors. In the second session, the assessors observed 20 horses in their home boxes, and through comparison and discussion of their individual scores for these horses on the 13 terms, calibrated their scoring to become more closely aligned (see Grosso et al., 2016) . Final inter-observer reliability of the QBA descriptors was tested by asking assessors to simultaneously and independently score 95 single stabled horses at eight horse facilities.
Farm visits
Each of the three trained assessors independently carried out QBA assessments on a sub-selection of a total of 40 horse facilities, so that each horse was assessed only once by one of the three assessors.
In each facility, all the horses over 5 years were assessed individually, adding up to a total of 355 sport and leisure horses of different gender, breed and riding discipline (riding school = 37%; training
; breeding farm = 15%; hippodrome = 3%; other (e.g. animal-assisted activity) = 21%).
QBA assessment took place immediately after entering the farms and letting the animals adapt to the observers' presence. Assessors had never entered the farms before and were unaware of the different backgrounds of the farms, so as not to be biased by any pre-existing prejudices regarding these backgrounds. They wore blue overalls and had not made any clinical examination nor treatment to horses during the month prior the assessments.
The assessor initially observed a horse from outside the box, without disturbing it, for 30 s. In order to evaluate the quality of the human-horse relationship, after concluding QBA scoring the assessors performed and scored an avoidance distance test (AD) and a forced human approach test (FHA) (Dalla Costa et al., 2015) . The AD test was performed from outside the box. When the horse was attentive to their presence, the assessor approached the animal walking at measured pace of one step per second. If the horse showed an avoidance response, this was recorded as 0, no avoidance was recorded as 1. In the FHA test, the assessor opened the box door, entered the box, and approached the horse slowly. If the horse stood still calmly, the assessor raised their hand, touched the withers and moved their hand along the back of the subject. The horse's reaction was scored from 0 to 2 (0 = the horse showed aggressive behaviour; 1 = the horse moved away as soon as he/she touched the withers; 2 = the horse stood still calmly or showed positive signs of interest). Horses that were reported by (Eliasson et al., 2017) .
The QBA scores generated by the three assessors for a total of 355 individual horses over 40 farm visits (93 horses by assessor 1, 147 horses by assessor 2, and 115 horses by assessor 3), were also analysed together using Principal Component Analysis (PCA, correlation matrix, no rotation). In order to estimate the association between indicators of the horses' human-animal relationship and their emotional state, the PC scores attributed to the animals on the first two main components of the PCA (explaining 55.549% of total variance) were analysed through a two-way MANOVA test. To explain in more detail, we considered the subdivision of the horses in six groups, according to their scores obtained in the avoidance distance (AD) test (0 or 1) and in the forced human approach (FHA) test (0, 1 or 2), obtaining unequal sizes of the observed classes. A Mardia's test (Mardia, 1970) was
used to assess the multivariate normality of the distribution of PC scores within each group: in three cases of six, the assumption of normality was not met. In addition, a Box's M test (Johnson and Wichern, 2007) confirmed that the groups had homogeneous covariance matrices. Since MANOVA is quite robust to violations of normality (Johnson and Wichern, 2007) , we performed a type III MANOVA on the PC scores, which is the most recommended type of analysis when dealing with unbalanced data (Milliken and Johnson, 2009) . In this framework, we computed the Pillai statistic, as suggested by Tabachnick and Fidell (2013) , to perform the hypothesis tests that aimed at assessing the effects of the AD and FHA on QBA PC scores, as well as their interaction. We found that the interaction was not statistically significant (P>0.05), thus, we removed it from the model and performed the test again. Then, one-way ANOVAs (with p-values corrected by the Bonferroni method) were used as a post-hoc test to verify specific relationships between the human-animal tests and the two sets of PC scores separately.
Results
No safety issues were encountered during the QBA assessment or the performance of human-animal behaviour tests. No assessments had to be interrupted because of horse reactions and all owners showed good acceptance of the procedures adopted.
3.1
Inter-observer reliability in the training phase Table 2 shows the percentage of variation explained by the first three Principal Components explaining the majority of the variance between horses, and the level of agreement between the scores generated by the three assessors on each of these components. The distribution of loadings of QBA terms on each PC was highly similar to that for the on-farm assessments reported below, and will therefore not be repeated here. In summary, the highest and lowest loading terms describing each of the components were for PC1: at ease/relaxed to uneasy/alarmed; for PC2: look for contact/curious to apathetic and for PC3: curious to apathetic. 
QBA assessment of horses on farm
Given the high levels of agreement between assessors both for PC scores and scores on separate descriptors, it was considered to be acceptable for the 3 assessors to independently visit and assess horses at different farms, and subsequently analyse all collected scores together in one PCA.
This PCA identified three main Principal Components with Eigen value greater than 1, together explaining 65% of the variation between horses. Table 4 shows the outcomes for these PCs, as well as the loading of QBA terms on each PC. From these loadings it can be seen that PC1 ranges from relaxed/at ease to uneasy/alarmed, PC2 from curious/pushy to apathetic, and PC3 from happy to 'looking for contact'. Figure 1 shows the distribution of QBA term loadings along PC 1 and 2.
Influence of Human-horse relationship on horse emotional state
The results of the two-way MANOVA suggested that the horses' responses to the Avoidance Distance 
Discussion
The present study was based on an interest in the association between the emotional state of horses and their human-animal relationship. To achieve this aim we developed a qualitative behaviour assessment procedure for horses farmed in single boxes, and investigated the association of the horses' QBA scores with their scores on Avoidance Distance and Forced Human Approach tests. Our findings were that firstly, the approach described in this paper was feasible on farm and showed good acceptability by owners; secondly, trained assessors showed good inter-observer reliability scoring horses with QBA, and thirdly, we found a significant association between the first two QBA components and the horses' reactions to two human-animal interaction tests.
Fixed lists of QBA descriptors are currently used in several farm animal species to assess their welfare (Andreasen et al., 2013; Brscic et al., 2010; Fleming et al., 2013; Grosso et al., 2016; Minero et al., 2016; Munsterhjelm et al., 2015; Napolitano et al., 2012; Phythian et al., 2016; Rousing and Wemelsfelder, 2006) ; their inclusion in a protocol to assess horse welfare, together with other relevant measures, was reported for the first time in the AWIN welfare assessment protocol for horses (AWIN, 2015) . The barren environment of single boxes might limit the expression of affective states of horses, and prevents the evaluation of their behaviour, in relation with other animals. The two phase assessment procedure proposed here allowed to overcome some of these issues. Animals were observed in the home environment both when they were on their own and when experiencing a pleasant stimulus (grooming at the withers). The rationale behind the choice of using positive stimulation was based on suggestions by Keeling and colleagues (2008) that repeated disruption of reward cycles cause long term negative effects on welfare and could result in less positive behaviour during a pleasant situation (Costa et al., 2012; Keeling et al., 2008) . For example, in a complete cycle (Feh and de Mazières, 1993; Lynch et al., 1974; Normando et al., 2002; Thorbergson et al., 2016) . Albeit correct and useful, the construct underlying this approach can be denied under specific circumstances: horses experiencing or having experienced back pain would likely find unpleasant being touched at the withers, making it difficult to infer about their original affective state. To control for this possible bias, we did not assess horses that were reported by their owners as having or having suffered back pain. No assessments had to be interrupted because of horse reactions and owners always showed good acceptability of the procedures adopted. It should be considered that in the case of horses kept in groups, an adaptation of the assessment procedure would be needed. It should also be noted that stallions might show different posture and facial expressions when groomed at withers compared to female and geldings (McDonnell, 2003) .
Since QBA relies on observer's assessment, improving and assessing the reliability of all assessors is paramount in the process of validating new QBA procedures. Our results indicate that during the training phase, observers ranked the different horses in similar ways when using the QBA descriptors.
The good inter-observer reliability in assessing single horses using QBA, both on overall PC scores and single descriptors, suggest that the training of assessors described here and grounded on previous experiences with other animal species (Grosso et al., 2016; Minero et al., 2016) was effective in reaching a satisfactory reliability of observers. The agreement on the use of single terms can be considered important as part of an effort to increase overall agreement between observers, however QBA outcomes should primarily consider the dynamic patterns of demeanour captured by multi-
variate analysis tools such as PCA. Assessors reached excellent agreement on the first two Principal
Components and a good agreement on the third Component.
Consistent with previous findings in other species (Ellingsen et al., 2014; Rousing and Wemelsfelder, 2006) , the Principal Component Analysis of horse scores in the on-farm study revealed two main dimensions of the affective state of horses. The first Principal Component ranged from at ease/relaxed to uneasy/alarmed: horses with high positive scores on this Component could be described as in a positive affective state. The second component, ranging from curious/pushy to apathetic, could be interpreted as more indicative of the horses' arousal level. These findings map well in the overall picture where different methods to assess emotions in animals repeatedly highlighted dimensions of valence and arousal of affective states (Mendl et al., 2009; Paul et al., 2005) . Differently from other methods, QBA can be applied during on-farm assessments and can be used to facilitate the dialogue between owners and assessors (Minero et al., 2009; Wemelsfelder, 2007) , possibly increasing the engagement of owners in the process of improving animal welfare.
Horses reactions to human-animal interaction tests were significantly linked to Qualitative Behaviour Assessment. In particular, a high score on QBA descriptors like relaxed, friendly, at ease, loading high on the first component, was found to be pronouncedly associated with an absence of signs of avoidance, and positive signs of interest towards an interacting human. Horses achieving higher scores in the tests had a better relationship with humans and a more positive affective state.
Conversely, horses showing an aggressive reaction to a forced human approach were described as more pushy when assessed beforehand with QBA. Horses achieving low scores in the FHA test (more aggressive behaviour during the test) had a poorer relationship with humans and were described as being more aroused. These results add to those reported by other authors, that animals having a positive bond with humans are safer and easier to handle, whilst negative handling leads to poorer mood and an aroused state (Breuer et al., 2000; Ellingsen et al., 2014; Waiblinger et al., 2006) . It can also be suggested that poor handling increases fear of humans in horses, influencing their mood and
level of arousal, and drive them into a negative feedback cycle that progressively leads them to become more aggressive and unsafe to handle.
Conclusions
The QBA assessment procedure proposed here allowed to capture expressions of affective states of horses in their home box and proved to be feasible on-farm. The good inter-observer reliability achieved, both on overall PC scores and single descriptors, suggest that a phased procedure for the training of assessors is effective in reaching a satisfactory agreement between observers. QBA was useful to identify horses in a more positive affective state and, in line with previous findings in dairy cows (Brscic et al., 2010; Ellingsen et al., 2014) and lambs (Serrapica et al., 2017) , we can support the hypothesis that QBA is sensitive to the quality of human contact. Our results suggest that high quality relations with humans are a potential tool to provide good animal welfare, also in terms of positive emotions.
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